Study design: Single-subject (female, 60 years of age) case. Objectives: The purpose of this case report is to document body composition changes in a 60-year-old female with chronic paraplegia after 12 months of home-based functional electrical stimulation lower extremities cycling (FES-LEC). Setting: Home-based FES-LEC with internet connection. Southeastern United States. Methods: FES-LEC three sessions per week for 12 months in participant's home and monitored by the research staff via internet connection. Pre-and post-exercise program testing for body composition including percent body fat, fat mass (FM), lean mass (LM) and whole-body bone mineral density (BMD) via dual-energy x-ray absorptiometry (DXA).
INTRODUCTION
Spinal cord injury (SCI) causing paraplegia or tetraplegia routinely results in dramatic changes in body composition, that is, decreased muscle mass, decreased bone mass and increased fat mass (FM). 1,2 These body composition changes have been linked to increased risk of cardiovascular diseases, diabetes mellitus, metabolic syndrome and osteoporosis. 1,2 Compounding the problem further, muscle paralysis limits the number of physical activity options resulting in extreme sedentary lifestyles. However, with new technological innovations such as internet-monitored functional electrical stimulation lower extremities cycling (FES-LEC), persons with SCI not only have the option to increase physical activity levels but also to exercise paralyzed muscles during the activity. FES-LEC has been reported as one activity that may help decrease the negative body composition changes after SCI; however, the long-term effects have not been fully examined. 3 The authors could find no studies reporting home-based FES-LEC monitored via the internet over a 1 year duration.
The purpose of this case report is to document body composition changes in a 60-year-old female with chronic paraplegia after 12 months of home-based FES-LEC.
STUDY DESIGN/METHODS
A 60-year-old female 2 years post T6 American Spinal Injury Association Impairment Scale A SCI participated in home-based FES-LEC averaging 2.9 sessions per week over 12 months. The participant utilized an RT300 FES cycle (Restorative Therapies, Baltimore, MD, USA) with the sessions optimized via review and alteration by research staff using internet connection to the cycle ( Figure 1 ). This process allowed research staff to review cycling duration, speed and resistance levels as well as the electrical stimulation parameters required during sessions to perform the exercise. This information allowed research staff to remotely alter electrical parameters to safely increase exercise duration, while maintaining preferred cycling speed and tolerated cycling resistance.
Before starting the program, the participant underwent a medical examination by a physician and successfully completed a trial FES-LEC session in a medical center SCI exercise laboratory. Although the participant's diet and physical activity levels, other than the FES-LEC, were not monitored, the participant was asked to maintain her regular diet and physical activity levels as major fluctuations in either could influence the results of the study.
FES cycling parameters
Adhesive gel electrodes were placed on the quadriceps, hamstrings and gluteal muscles for the transmission of coordinated bouts of electricity that induced the cycling activity. The electrical current amplitude was maintained at 140 mA, while pulse width ranged from 250-300 ms and frequency ranged from 33.3-50 Hz. The resistance was tied to the cycling speed so that the set speed could continue throughout each cycling session. As the speed decreased in a given session due to muscle fatigue, the resistance would automatically decrease to allow the participant to maintain the set cycling speed. As the muscles conditioned, the participant was able to cycle longer at higher resistance levels. The initial average resistance tolerated per session was 0.64 Nm. This doubled to 1.28 Nm over the course of the year-long study. The cycling speed maintained between 36 and 43 rpm. The initial speed and resistance were set according to participant comfort and the ability to maintain the cycling activity for 20 min. The duration was gradually increased to a maximum of 63 min including a 2 min warm-up and 1 min cool-down per cycling session.
Assessment
Lean mass (LM), FM and bone mineral density (BMD) were measured before and after the 12 months of FES-LEC using the same Lunar Prodigy Advance Dual-Energy X-ray Absorptiometry (DXA) Scanner (General Electric, Madison, WI, USA) and the same trained DXA technician. The coefficient of variability of repeated scans at our facility has been determined to be less than 3%. 4 
RESULTS
Over the 12-month-study, there was a 7.7% increase in total body LM and a 4.1% increase in legs LM. The total body weight was essentially unchanged although there was a 1.2% decrease in total body FM and a 9.9% decrease in legs FM. Whole-body BMD was increased from 0.934 to 1.023 (Table 1) . Overall, there was a decrease in % body fat from 48.4 to 46.3 and an improvement in the DXA T-score from À2.4 to À1.3.
DISCUSSION
Although both of the pre and post percent body fat scores were in the unhealthy range, 5 the increases in total and legs LM and the corresponding decreases in total and legs FM support the findings of Griffin et al. as well as two earlier case studies on males after 9 weeks and 6 months of FES-LEC reported by our laboratory. 6, 7 These results also enhance the theory that regular long-term FES-LEC may decrease the risk factors associated with cardiovascular and metabolic diseases. The fact that BMD increased supports the findings of Frotzler et al. 3 and provides hope that this activity may also help enhance bone health.
The results of this case report cannot be generalized to the overall population of those with SCI; however, it does indicate that these beneficial results are possible. Further study with a large sample is needed to substantiate the findings of this case report. There also needs to be more extensive study concerning BMD in the areas of highest risk for decreased bone mass and fracture after SCI, that is, distal femur, proximal and distal tibia. Figure 1 FES cycle with leads going to surface electrodes on participant's legs.
